The metabolic response to open heart surgery is well documented (Moffitt, Rosevear and McGoon, 1969) . There is increased secretion of many hormones, for example, cortisol and cathecholamines (Replogle et al.j 1962; Alexander et al., 1969; Reier, George and Kilmaro, 1973) . Pituitary function is stimulated, as has been shown by increases in plasma human growth hormone (Macdonald et al., 1975) . The increase in basal metabolic rate after open heart surgery (Marvin et al., 1964) suggests altered thyroid function. Wilber and Baum (1970) found increased thyroid stimulating hormone (TSH) during surgery with profound hypothermia, although Hershman and colleagues (1970) found no significant increase in TSH during open heart surgery with moderate hypothermia. Plasma-free thyroxine (T 4 ) is increased following general anaesthesia and surgery (Harland, Orr and Richards, 1972) , but the response has been shown to vary with different anaesthetic techniques (Oyama et al., 1969a, b) .
However, there has been no previous report of the effects of open heart surgery with moderate hypothermia on plasma thyroxine or tri-iodothyronine (T 3 ). Consequently this study was undertaken to correlate the major anaesthetic and surgical events during cardiopulmonary bypass with changes in the plasma of the following measurements of thyroid function:
(i) Thyroid stimulating hormone (TSH).
( 
ii) Thyroxine (T 4 ). (iii) Tri-iodothyronine (T 3 ). (iv) Thyroid hormone distribution index (THDI

Anaesthesia and bypass
The anaesthetic and perfusion techniques have previously been described in detail (Macdonald et al., 1975) .
Following premedication with weight-related doses of papaveretum and hyoscine, anaesthesia was induced with thiopentone and maintained with pancuronium, nitrous oxide, oxygen and either i.v. fentanyl or phenoperidine.
All patients were perfused using the Q100 Bentley Temptrol oxygenator which was primed with neutralized acid disodium citrate dextrose (ACD) blood and Hartmann's solution. During perfusion the "level" in the oxygenator was maintained constant by additions of ACD blood and 5% dextrose. The patients were cooled to 30 °C and in all patients bypass was discontinued during rewarming. Heparinization before bypass was achieved with heparin 3 mg/kg i.v. and reversed with protamine 6 mg/kg as soon as bypass was discontinued.
Times of sampling
As the duration of open heart surgery varied from patient to patient, samples of blood were taken according to events rather than at fixed time intervals, as follows:
(1) Immediately before induction of anaesthesia and 1 h following premedication. (2) Between induction of anaesthesia and commencement of surgery (during this time catheters for the measurement of arterial and venous pressures were inserted and all monitoring apparatus was set up). 
LABORATORY METHODS
Blood was taken from the radial artery cannula, centrifuged immediately, and the plasma was deep frozen. TSH was measured by a modification of the method of Odell, Wilber and Paul (1965) as described by Chapman, Hutton and Hayter (1974) .
Plasma T 4 was measured with a Thyopac-4 kit and T 3 with a "T3-R.I.A." kit (both obtained from the Radiochemical Centre, Amersham, Bucks).
Measurement of thyroid hormone distribution index
There are a number of similar assays which give an indication of the distribution of thyroid hormones between the free and protein-bound fractions in plasma. Nomenclatures such as the "T 3 -resin uptake" could imply that a function of T 3 concentration is being measured. This is not so. We prefer the title "thyroid hormone distribution index" (THDI) because it avoids this type of confusion and is more descriptive of the assay. The method used here was similar to that of Herbert and colleagues (1965) . Plasma 0.1 ml was incubated with 0.4 ml of 5 mmol phosphate buffer, pH 7.4, containing approximately 1 ng of 125 I-T 3 . The free fraction was removed by the addition of dextran-charcoal solution 0.2 ml (dextran 25 mg and Novit A charcoal 250 mg per 100 ml), vortex mixing and centrifuging at 2000 £ for 30 min. The supernatant was then removed by aspiration and the activity in the charcoal fraction was counted. The result was directly proportional to the total concentration of T 4 and inversely proportional to the concentration of binding proteins, especially thyroxine-binding globulin. For technical reasons the results are not absolute but are compared with a standard serum and provide an index of free or unbound hormone. It can be shown both theoretically and experimentally (Brown-Grant, Brennan and Yates, 1970) that if the total concentration of T 3 or T 4 is multiplied by THDI, indices of free T 3 and T 4 can be obtained.
Statistical methods
All the tests of significance which are quoted in the text were performed using Student's t test on the mean differences between paired samples, and, where necessary, by analyses of "pooled variance".
Temperature
At the time of samples 1 and 10, the temperature was recorded from the axilla; at other times it was recorded from a mid-oesophageal thermocouple.
RESULTS
Temperature
The mean and range for the temperature as each sample was taken are shown in table II. 
Thyroid stimulating hormone (TSH)
The data for TSH are shown in table III. The mean values are probably distorted by missing samples. However, the mean value before anaesthesia of 13.0 [iu/ml was within normal limits (8-18 fj.u/ml) for our laboratory and increased to 16.0 [xu/ml following anaesthesia and to 17.0 |j.u/ml after surgery. Although the mean values increased, the changes for individual patients were too variable for these increases to be significant until after heparinization, when the mean concentration decreased to 14.00 [xu/ ml (P< 0.025). During and after bypass there were no further significant changes in TSH concentration until the patient was in the intensive care ward, when the mean concentration decreased to 11.0[xu/ml (P< 0.025).
While some of the changes of TSH concentration in individual patients are significant, it should be noted that these are small and mostly within the normal range. (1) (ng/ml) (2) (3) (4) (5)* (6)* (7)* (8) (9) (10) T 3
(1) (ng/ml) (2) (3) (4) (5)* (6)* (7)* (8) 
Plasma thyroxine
The results for plasma T 4 are shown in table III. The mean pre-anaesthetic concentration of 70 ng/ml was within the accepted normal range for our laboratory (50-100 ng/ml). This mean concentration increased to 93.9 ng/ml (0.1 >P> 0.05) following anaesthesia, increases occurring in seven of nine patients. Following surgery, the mean concentration increased to 113.00 ng/ml (P<0.005), increases occurring in six of 10 patients. There was a further increase to a mean of 124.4 ng/ml (P< 0.005) after heparinization. During bypass the concentration decreased but still remained significantly above the value before anaesthesia. After bypass, the mean plasma T 4 gradually decreased to concentrations similar to those recorded before induction of anaesthesia.
Plasma tri-iodothyronine (T 3 )
The data for plasma T 3 are shown in table III. The mean concentration before anaesthesia (0.95 ng/ml) was slightly lower than the normal range for our laboratory (1-2 ng/ml). There was no significant change in plasma T 3 concentration following anaesthesia, surgery, bypass or rewarming. However, there was a highly significant (P< 0.0001) decrease from the value obtained 30 min after regaining normal temperature (0.98 ng/ml) to that obtained when cardiopulmonary stability had been regained (0.43 ng/ml).
Thyroid hormone distribution index (THDI)
The mean values for this index are shown in table III, with the standard error for each sample. The mean value before anaesthesia (1.6) was within the normal range of our laboratory (1.2-1.8) and no significant change occurred with either anaesthesia or surgery. A large increase in this index occurred following heparinization (mean 2.0; P< 0.001). During bypass there was no significant change, although the values continued to remain significantly higher than those observed before operation. Following bypass, the index gradually decreased until there was an abrupt reduction from the value obtained 30 min after regaining normal temperature (mean 1.9) to a mean of 1.5 (P< 0.001) when the patients were in the intensive care unit.
DISCUSSION
Although the results presented here are from a small group of patients undergoing open heart surgery, during which the timing of events could not be controlled, it is possible to obtain a general view of the hormonal changes associated with the thyroidpituitary axis.
TSH results in our patients show that the changes in response to events are small. Oyama, Matsuki and Kudo (1972) and Kirby, Clark and Johnstone (1973) reported similar results. In common with Charters, Odell and Thompson (1969) , who studied anterior pituitary function during surgical stress, we found no consistent pattern of response.
We were unable to explain the abrupt decrease in TSH concentration following heparinization. Hershman and colleagues (1970) snowed that heparinization does not affect the TSH assay, and we have confirmed this for our particular assay. During bypass TSH concentration remained low. This could be explained by dilution of the patient's plasma with priming fluid and blood. The volume of distribution of TSH is approximately 6% (Hershman et al., 1970) , and so the dilution effect of the priming fluid would be appreciable. Wilber and Baum (1970) found significant increases in TSH concentration during hypothermia, but these increases occurred only when the patients were cooled to less than 28 °C. The lowest average temperature of our patients was 29.9 °C. Hershman and colleagues (1970) did not find increases in TSH concentration during open heart surgery with moderate hypothermia.
Increases in the mean concentration of TSH appear to precede increases in the mean concentration of T 4 . However, when individual patients' data are examined, there is little evidence to suggest that TSH is responsible for the increases in total T 3 or T 4 , or changes in the free T 3 and free T 4 indices. When the time between events is taken into consideration, the time lapse between a TSH peak and subsequent T 4 peak is much shorter than that associated with an i.v. thyrotrophin releasing hormone (TRH) test (Lawton, Ellis and Sufi, 1973) . When i.v. TRH was administered, the maximal increase in T 3 occurred at 2-4 h and the T 4 peak, although variable, occurred between 3 and 12 h. Therefore we consider that, in our patients, alterations in T 3 and T 4 concentrations occurred independently of TSH stimulation. Oyama and colleagues (1969a, b) found that plasma thyroxine decreased with nitrous oxide and oxygen anaesthesia. However, thiopentone, which is known to have an anti-thyroid effect, was used intermittently in their patients. They suggested that the increase in plasma thyroxine during ether anaesthesia and surgery was a result of release of thyroxine from the liver, secondary to alterations in hepatic blood flow. Harland and co-workers (1974) have demonstrated that the increase in PBI during halothane anaesthesia and surgery could be explained by loss of thyroxine from the liver, and that this effect was reversible. In our patients, anaesthesia stimulated an increase of plasma thyroxine in eight patients, and further significant increases occurred with surgery and heparinization. In some patients, T 4 concentrations exceeded the normal range and these increases were maintained during perfusion in spite of haemodilution. After bypass the gradual return to concentrations recorded before anaesthesia paralleled the onset of haemodynamic stability.
The binding constants of plasma and cytoplasmic proteins for the two thyroid hormones are known to be very different. This could explain, at least partially, the difference in the patterns of T 3 and T 4 response to cardiopulmonary bypass. The concentration of T 3 , which was generally within the normal range, decreased dramatically with the onset of cardiopulmonary stability. Possibly at this stage the liver or other tissues or both take up T 3 rather than T 4 .
A significant increase in THDI occurred during bypass (table III) , and since total T 4 did not change, this increase was probably caused by dilution of the plasma with priming blood and Hartmann's solution. The decrease in the index following bypass may reflect the gradual return of the blood volume and haematocrit to normal.
In patient 1 there was no sign of thyroid dysfunction, but the pre-induction concentrations of TSH, T 3 and T 4 were low, suggesting hypopituitarism. Following bypass her TSH concentration increased from 7 jxu/ml to 20 [m/ml. In a previous study of growth hormone changes during open heart surgery, this patient had very low growth hormone concentrations throughout the whole procedure. Nevertheless, she made a completely uneventful recovery.
The patient who died had resection of an aortic aneurysm in addition to an aortic valve replacement, which necessitated a bypass time of 4-5 h, following which there was severe bleeding. This patient never came off bypass. He exhibited no remarkable TSH, T 3 or T 4 changes.
In conclusion, it appears that the effects of open heart surgery on thyroid-pituitary function are variable and there is no particular evidence to suggest that this effect is different from that produced by anaesthesia and general surgery. The increases in T 3 or T 4 occur independently of pituitary stimulation, and may reflect altered peripheral distribution and utilization of thyroid hormones, with release of bound hormone from the liver and other tissues. It remains to be determined whether the release of T 4 from the liver reflects altered hepatic function, which may vary with different anaesthetic agents, or may only be part of a general non-specific response to the stress of anaesthesia and surgery. REACTION 
SUMARIO
Se estudiaron los efectos de la cirugia a corazon abierto en varios parametros de la funcion tiroide-pituitaria, en 11 pacientes. La pauta de cambios hormonales fu6 variable. La concentracion de T 4 aumento durante la anestesia y la derivation, despuis de lo cual volvio a la normalidad una vez que se recupero la estabilidad hemodinamica. La pauta de cambio en la concentracion de T 3 no siguio de forma consistente a la de T 4 y el incremento proporcional en la concentracion no fue tan grande. Se produjo una reducci6n significativa en la concentracion de T 3 con el comienzo de la estabilidad hemodinamica. Para pacientes individuals no hubo una correlacion evidente entre los cambios en las concentraciones de TSH (hormona estimulante tiroide), el T a y el T 4 . El aumento puede explicarse por la liberacidn de T 3 6 T 4 del tejido extratiroidal.
